Abstract-Aircraft technology is moving toward what is known as More Electric Aircraft. This technology aims to increase the amount of electrical power equipments rather than mechanical or hydraulic equipments. This paper present an analytical method of calculating reactive and harmonic current and using this current as a reference to feed a series active filter to compensate the harmonic currents generated by a non linear load.
I. INTRODUCTION
Non linear loads cause voltage and current distortion in aircraft power system. Which in turn cause serious problems on electrical equipments such as:
1-Improper responding, interferences and degradation of the performance of devices or equipments. 2-Overheating and premature aging of the electric devices.
To overcome the above problems, the use of the power electronics technology and application are enabling new systems to be developed and applied to aerospace applications.
In modern aircraft electrical power generation is changing with a move towards variable frequency (VF) systems from constant frequency (CF) systems. In this case, most of the loads in the aircraft should be designed to operate at variable frequency supply, usually from 360 to 800 Hz approximately, although there are some electrical loads that may require a DC supply or a traditional fixed frequency supply (400 Hz). Sophisticated electrical systems are usually multiple voltage systems using a combination of AC and DC buses to power various aircraft components. Figure 1 shows a block diagram for aircraft power system [1.2] . Here depending n the type of the load, the input supply could feed variable frequency load, fixed frequency load or Dc load. However, if non linear loads are connected to the aircraft power system, they will produce some harmonics on the line current, and even if the main voltage is not distorted, the current harmonics will cause distortion in the line impedance and the terminal voltage of the load will be distorted. In this case if linear loads are connected to the system they will absorb the distorted current which could cause serious problems on the system. A traditional and simple method to overcome and solve these problems is to use passive filters; however, as it is well known these types of filters operates at specified frequency, which means many filters should be tuned to cancel harmonics at different frequencies. Furthermore, resonances can occur, and the electrical system can start to operate with capacitive power factor [3, 4] . In More Electric Aircraft, the power electronics technology represents a challenge for aeronautical application, which enhances power quality problems even at the lowest voltage level in distribution system. In recent technology, active filters have been widely used in to improve the power quality for More Electric Aircrafts. Good numbers of different active filters have been designed with a limited emphasis on single phase system.
In this paper, a new control strategy for series active power filter (APF) has been proposed for improvement of power quality problem in a single phase variable frequency system for more electric aircraft. The control signal for the APF is obtained by calculating the active and harmonic current components of the non linear load and used as a reference current and compared with the injected current from the APF [1, 3] .
The APF must comply with the regulations and standards of the aircraft power system such that:
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1. The harmonics on the input current should be low and meet the required values.
2. Minimizing reactive power components, that could be achieved by high input power factor.
3. Maximizing power density in order to minimize the weight. [1, 2] However, due to the wide ranging nature of the load and supply frequency variation, the design of this system poses significant challenges.
Furthermore, the choice of the hardware components such as semiconductors devices, capacitors, inductors and resistors is very important for aerospace industry. These components have to be selected so that normal service maintenance would ensure the retention of their specified characteristics through the full range of operational and environmental conditions likely to be encountered through the life of the aircraft, or support facility, in which they are installed. [1] II. POWER CALCULATION Normally in the electric power system applications the voltage and current could be represented by:
A sinusoidal voltage source is given by:
(1) A sinusoidal current given by:
.
The instantaneous power is:
The average of the instantaneous power is the real power which can be calculated by integrated over a cycle:
The reactive power Q is the amplitude of the oscillating instantaneous power.
When a nonlinear load is connected, the system no longer operates in sinusoidal condition due to the presence of the harmonics; in this case Fourier series is used to express the voltage and current [5, 6, 7] :
Where and represent DC value; and represent RMS value for the nth harmonic and and represent phase for the nth harmonic.
Assume the input voltage is sinusoidal and has no distortion and the input current, which is distorted by the power factor and harmonics of the load, therefore the load current made up with the following terms:
Where Dc component Active current
Reactive current
Harmonic current Equation (1) can be simplified by combining the reactive and harmonic currents and by assuming the dc component of the load current is zero because in practice this current is usually small or does not exist.
To generate the reference current, the harmonic and reactive current drawn by the load is extracted from the load current is given by:
The average power drawn by the load is given by:
It can be found by calculating the instantaneous load power and connect it to a low pas filter.
Here the is the rms load bus voltage, is the rms active part of the load current.
Combine equations (8), (9) and (10): (11) To generate the reference current, the harmonic and reactive current drawn by the load is extracted from the load In equation (11), Pav is the average power drawn by the load , il is the load current and vrms is the rms load bus voltage .This current is set as a reference current to compare t with the current injected by the active filter. PI controller is used to control the PWM in turn control the power compensation to the load [8, 9, 10] . Figure 2 shows the APF circuit diagram and figure 3 control strategy of the series filter. The output stage of the diode rectifier could be connected to a DC or to 400 Hz inverter (Single or 3 phase inverter). In this case the system will be operated as variable to constant frequency inverter.
III. SIMULATION RESULTS
Simulation has been done at different input frequency results are show in figures 4 to 9. The diode rectifier is connected to a resistive load. In this case the system will be used to feed DC load.
The parameter values used for the simulation are shown in table 1. 
CONCLUSION
With the future use of advanced power electronic converters such as active rectifiers within aircraft equipment, there is the possibility to operate these at variable input frequency in order to provide system level benefits. These include control of the voltage at the load and improvements in power factor seen by the non linear load.
The active and harmonic current calculation theory is very effective and very easy to use in the series active filter, the voltages can be considered almost sinusoidal.
The proposed active filter injects series voltage proportional to the sum of the harmonic and reactive current drawn by the non linear load. The simulation gave very encouraging results and shows that when the compensation ratio is low, high distortion appears on the input current and the power factor is not unity.
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